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'XULQJ WKHH[SDQVLRQRI WKHEORZLQJDJHQWV LQ WKHPROWHQPHWDO DVXVXDOO\KDSSHQV LQ WKHFRPSDFWHGSRZGHU
PHWKRG >@ YHU\ ODUJH SRURXV VWUXFWXUHV DUH IUHTXHQWO\ REVHUYHG >@ 6XFK ODUJH SRUHV DUH ZHDN SRLQWV IRU WKH
VWUXFWXUHV >@ DQG LQ VRPH FDVHV DUH UHVSRQVLEOH RI LQDGHTXDWHPHFKDQLFDO SURSHUWLHV >@ 7KH SUHPDWXUH JDV
UHOHDVHGXHWRWKHSKDVHVKLIWEHWZHHQWKHGHFRPSRVLWLRQWHPSHUDWXUHRIWKHEORZLQJDJHQW7L+IRU$ODOOR\VDQG
WKHPHOWLQJSRLQWRIWKHDOOR\LVWKHPDLQUHDVRQRIIRUPDWLRQIRUVXFKFHOOXODUVWUXFWXUH$QDWWHPSWWRVROYHWKLV
SUREOHPLV WRSURYLGHDYHU\IDVWKHDWLQJRI WKHSUHFXUVRUIRUH[DPSOHVHWWLQJWKHSUHFXUVRUDWKLJKHU WHPSHUDWXUH
WKDQWKHPHOWLQJSRLQWRIWKHDOOR\LQRUGHUWRPLQLPL]HWKHWLPHHODSVLQJEHWZHHQJDVUHOHDVHDQGSUHFXUVRUPHOWLQJ
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2.1. Precursor manufacturing 
(DFKSUHFXUVRUZDVSURGXFHGE\PL[LQJ$O6LDOOR\DQG$OSRZGHUVZLWKWKHDGGLWLRQRI6L&SRZGHUVVWDELOL]LQJ
DJHQWDQG7L+EORZLQJDJHQW)RXUGLIIHUHQW$O6LDOOR\V$O6L$O6L$O6LDQG$O6LZHUHPDQXIDFWXUHG
LQ WKLVVWXG\7KHHIIHFWRI WKHVWDELOL]LQJDJHQWFRQWHQWZDV LQYHVWLJDWHGDW IRXUFRQFHQWUDWLRQ OHYHOV DQG
 ZKLOH WKH EORZLQJ DJHQW ZDV WHVWHG DW WZR GLIIHUHQW FRQFHQWUDWLRQ OHYHOV  DQG  7KH SRZGHUV
SURSHUO\PL[HGZHUHWKHQLQVHUWHGLQWRDF\OLQGULFDOPRXOGDQGVXEMHFWHGWRVWDWLFXQLD[LDOFRPSUHVVLRQZLWKDIRUFH
RIN1$IWHUH[WUDFWLRQWKHSUHFXUVRULVUHDG\WREHIRDPHGLQWKHRZHQ
2.2. Foam expansion 










2.3. Structural characterization by image analysis 
0RUSKRORJLFDOFKDUDFWHUL]DWLRQRIIRDPVZDVSHUIRUPHGE\PHDQVRILPDJHDQDO\VLVRQWKHPLGGOHFURVVVHFWLRQ
ERWK RQ SXUH$O DQG$O6L DOOR\V ,W LV FRQVLGHUHG RI JRRG TXDOLW\ WKHPRUSKRORJ\ RIPHWDO IRDPVZLWK D JUHDW




















2.4. Compressive tests 
0HFKDQLFDO FKDUDFWHUL]DWLRQ RI IRDPV ZDV SHUIRUPHG E\ VWDWLF XQLD[LDO FRPSUHVVLYH WHVWV 'XH WR WKH D[LDO
VWLIIQHVVRIVWDLQOHVVVWHHOWXEHPXFKJUHDWHUWKDQWKHD[LDOVWLIIQHVVRI$O6LIRDPVLWLVWKHUHIRUHGLIILFXOWWRFDSWXUH
WKHVWLIIHQLQJHIIHFWRIIRDPDVFRUHPDWHULDO)RUWKLVUHDVRQWKHFRPSUHVVLYHWHVWRIVWDLQOHVVVWHHOSLSHKDVEHHQ





















          

ZKHUHOLVWKHVDPSOHOHQJWKDORQJWKHD[LV,WLVLPSRUWDQWWRHPSKDVL]HWKDWWKHUDGLDOFRPSUHVVLRQWHVWLVVXLWDEOH
RQO\IRU WKHFRPSDULVRQRIPHFKDQLFDOVWUHQJWKRIGLIIHUHQWVDPSOHVDQGQRW IRU WKHLUPHFKDQLFDOFKDUDFWHUL]DWLRQ
ZKLFK PXVW EH H[HFXWHG RQO\ E\ VWDWLF XQLD[LDO FRPSUHVVLRQ WHVW )URP WKHVH H[SHULPHQWDO UHVXOWV LW KDV EHHQ
SRVVLEOH WR FDOFXODWH E\ QXPHULFDO LQWHJUDWLRQ WKH HQHUJ\ DEVRUEHG E\ PHWDO IRDPV GXULQJ GHIRUPDWLRQ LQ
FRUUHVSRQGHQFHRIRIVXSHULPSRVHGGHIRUPDWLRQ
'HIRUPDWLRQ YDOXHV ZHUH FDOFXODWHG RQ WKH EDVLV RI WKH GLDPHWHU YDOXHV DORQJ WKH GLUHFWLRQ RI FRPSUHVVLRQ
DFFRUGLQJWRWKHIROORZLQJHTXDWLRQ

H '''          

ZKHUH'LVWKHLQLWLDOGLDPHWHU
2.5. Metallographic analysis 
'XH WR WKH DEQRUPDOPHFKDQLFDO EHKDYLRXU VKRZHGE\$O6L IRDPV VXEMHFWHG WR FRPSUHVVLYH WHVWV LW KDV EHHQ





3.1. Foam expansion 
7KHEHVWUHVXOWVLQWHUPVRIH[SDQVLRQZHUHREWDLQHGE\GHFUHDVLQJWKH6LFRQWHQW$VVXPLQJWKHIRDPH[SDQVLRQ
DVWKHPRVWVLJQLILFDQWSDUDPHWHUWKHPRVWVXLWDEOHDOOR\VIRUWKHSURGXFWLRQRIPHWDOIRDPVDUH$O6LDQG$O6L
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,WVKRXOGEHQRWHGWKDWWKHJUHDWHUH[SDQVLRQFRHIILFLHQWLQ$O6LIRDPVZDVUHDFKHGZLWKFRQWHQWRIVWDELOL]LQJ
DJHQW DQG D EORZLQJ DJHQW HTXDO WR YDOXH RI  ,Q SDUWLFXODU WKHVH YDOXHV KDYH EHHQ HVWDEOLVKHG WDNLQJ LQWR
DFFRXQWDOVRFRQVLGHUDWLRQVUHJDUGLQJWKHSRUHVPRUSKRORJ\DVGLVFXVVHGLQWKHIROORZLQJ
3.2. Foam structure 
,WLVZHOONQRZQWKDWPHWDOIRDPVPHFKDQLFDOSURSHUWLHVGHSHQGVWURQJO\RQWKHSRUHVPRUSKRORJ\,QSDUWLFXODU
WKHEHVWUHVXOWVLQWHUPVRIPHFKDQLFDOFKDUDFWHULVWLFVFDQEHREWDLQHGZLWKDVWUXFWXUHFRQVLVWLQJLQVPDOOVL]HGDQG
UHJXODUVKDSHGPRUSKRORJ\7KHVHFRQGLWLRQVKDYHEHHQHDVLO\DFKLHYDEOH IRUSXUH$O IRDPVPRUH WURXEOHVKDYH
















$O6L IRDPV VKRZ DQ HTXLYDOHQW GLDPHWHU VOLJKWO\ JUHDWHU WKDQ WKDW LQ SXUH DOXPLQLXP  RI SRUHV KDYH DQ
HTXLYDOHQW GLDPHWHU OHVV WKDQ PP DQG D FLUFXODULW\ EHWWHU WKDQ WKDW LQ SXUH DOXPLQLXP  RI SRUHV KDYH D
FLUFXODULW\JUHDWHU WKDQ$FFRUGLQJ WR WKHVH UHVXOWV WKH DOOR\ZKLFK VKRZHGDTXDOLW\ FRPSDUDEOH WR WKHSXUH
DOXPLQLXPIRDPLV$O6L

3.3. Mechanical properties of metal foams 
$O6LPHWDOIRDPVZHUHVXEMHFWHGWRVWDWLFXQLD[LDOFRPSUHVVLRQWHVWV6WUHVVVWUDLQFXUYHVREWDLQHGVKRZWKHWUHQG
ZHOONQRZQ LQ OLWHUDWXUH DQ LQLWLDO HODVWLFSKDVH LV IROORZHGE\D VWDEOHSKDVHFKDUDFWHUL]HGE\ WKHSUHVHQFHRI D
SODVWLF SODWHDX GXULQJ ZKLFK ORDG LV PRUH RU OHVV FRQVWDQW 7KH ILQDO VWHS LV WKH GHQVLILFDWLRQ RI WKH IRDP
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3.4. Metallographic analysis of foams 
0HWDOORJUDSKLFDQDO\VLVZHUHSHUIRUPHGLQK\SRHXWHFWRLG$O6LDOOR\ LQSDUWLFXODU WKH$O6LWKHDOOR\WKDWKDV











)URP WKHPLFURJUDSKV LQ)LJ LW LVSRVVLEOH WRGHWHFW WKHSUHVHQFHRIGDUNSDUWLFOHV ODUJHVL]HGDQG LUUHJXODU
VKDSHG$W KLJKHUPDJQLILFDWLRQ 6(0PLFURJUDSKV DW ; DQG ;PRUH GHWDLOV DUH DFKLHYDEOH RQ WKH
QDWXUHRIWKHVHSDUWLFOHV7KHHGJHVKDSHLVDFKDUDFWHULVWLFRI6L&SDUWLFOHVDQGWKHDYHUDJHVL]HȝPLVWKHVDPH






3.5. Foams used as core materials 






















































RSWLPDO VROXWLRQ 7KH FRPSURPLVH VROXWLRQ ZLOO EH D ILOOHU LQ $O6L DV HYLGHQFHG E\ WKH PD[LPXP YDOXH RI
SDUDPHWHU,
2WKHU LPSRUWDQW SURSHUWLHV RIPHWDO IRDP LV HQHUJ\ DEVRUSWLRQ GXULQJ GHIRUPDWLRQ ,W KDV EHHQ FDOFXODWHG E\
QXPHULFDO LQWHJUDWLRQ WKHVSHFLI\HQHUJ\FRQVXPSWLRQLQFRUUHVSRQGHQFHRIGHIRUPDWLRQRIVDPSOHHTXDO WR
7KHUHVXOWVDUHVKRZQLQWKHIROORZLQJ)LJ



















)URP)LJ LW LVSRVVLEOH WRREVHUYHDVH[SHFWHG WKDW WKHSUHVHQFHRIDILOOHU LQFUHDVHHQHUJ\DEVRUEHGGXULQJ
GHIRUPDWLRQ (QHUJ\ DEVRUSWLRQ GRHV QRW JURZZLWK VLOLFRQ FRQWHQW DQG DPD[LPXP YDOXH LQ FRUUHVSRQGHQFH RI
$O6LDOOR\FDQEHREVHUYHG7KLVFLUFXPVWDQFHFDQEHMXVWLILHGWDNLQJLQWRDFFRXQWWKDWDEVRUEHGHQHUJ\GHSHQGV
VWURQJO\RQWKHSRURVLW\RIWKHIRDPDQGLVQRWPD[LPXPIRUPDVVLYHVDPSOH










































)RDP¶VH[SDQVLRQZDV IRXQG WREH LQYHUVHO\SURSRUWLRQDO WRVLOLFRQFRQWHQWKRZHYHUDVHVWDEOLVKHGE\ LPDJH
DQDO\VLV WKHEHVW UHVXOW LQ WHUPVRIPRUSKRORJLFDO VWUXFWXUHTXDOLW\ KDV EHHQREWDLQHGZLWK$O6L DOOR\ZKLFK LV
XQGRXEWHGO\WKHEHVWFRPSURPLVHEHWZHHQH[SDQVLRQDQGTXDOLW\RIVWUXFWXUH
7KHPHFKDQLFDO VWUHQJWK LQFUHDVHV VLJQLILFDQWO\ZLWK VLOLFRQ FRQWHQW EXW WKLV LQFUHDVH LV SDLGZLWK DPRGHUDWH
LQFUHDVHRIGHQVLW\DQGWKXVRIZHLJKWIRUVDPHYROXPHRIVWUXFWXUH8VLQJDILOOHULQ$O6LLWLVSRVVLEOHWRKDYHD
VWURQJLQFUHDVHRIHQHUJ\DEVRUSWLRQZLWKDVPDOOGHQVLW\LQFUHDVH
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